infusion of physostigmine (a centrally active anticholinesterase agent) in normal subjects leads to a syndrome of psychomotor inhibition; this has been proposed as a model for selected symptoms of depression. In view of its similarity to the negative schizophrenic syndrome, we compared the 'physostigmine syndrome' to the negative symptom profile by evaluating the behavioral effects of intravenous physostigmine infusion in seven normal volunteers.
Intravenous
infusion of physostigmine (a centrally active anticholinesterase agent) in normal subjects leads to a syndrome of psychomotor inhibition; this has been proposed as a model for selected symptoms of depression. In view of its similarity to the negative schizophrenic syndrome, we compared the 'physostigmine syndrome' to the negative symptom profile by evaluating the behavioral effects of intravenous physostigmine infusion in seven normal volunteers.
Observer ratings and self description revealed significant withdrawal, apathy, alogia, lethargy, decreased energy, slowed thoughts, diminished affective responsivity, and reduced hedonic capacity. Subjects did not report sadness, ideas of hopelessness, worthlessness, or guilt. These findings support the implication of cholinergic hyperactivity as one mechanism in the pathophysiology of negative schizophrenic symptoms.
INTRODUCTION
Despite the renewed interest in the negative symptoms of schizophrenia (Strauss et al., 1974; Crow, 1980; Andreasen, 1982) , their underlying pathophysiology remains obscure. Although a variety of structural, neurochemical, developmental, and other abnormalities have been implicated in the production of negative symptoms (Greden and Tandon, 1990) , none of these hypotheses can be regarded as proven. We have recently suggested that cholinergic hyperactivity may be one mechanism involved in the production of negative schizophrenic symptoms (Tandon and Greden, 1989) . We sought to evaluate this hypothesis by studying the behavioral effects of a cholinergic agent in (Modestin et al., 1973; Davis et al., 1976; Risch et al., 1981; Janowsky et al., 1986) . In view of the similarity of these behavioral effects to selected clinical features of depression, these findings have been used to implicate cholinergic dysregulation in mood disorders (Janowsky et al., 1974; Risch et al., 1981; Dilsaver, 1986) . Parallels between the physostigmine profile and the negative schizophrenic syndrome also appeared striking to us upon initial consideration.
We conducted the present study in an attempt to examine in more detail the 'physostigmine syndrome' and to compare its resemblance to the negative schizophrenic syndrome.
METHODS
Seven healthy male subjects between the ages of 21 and 45 were recruited by newspaper advertisements for participation in this study. We screened each individual by questionnaire, telephone, and personal interview, and selected only those without any personal or family history of psychiatric disorder. There was no history of substance abuse, and none of the participants suffered from any physical disorder or had taken'any medications for at least the preceeding 2 weeks. All were familiarized with the study design and provided informed consent. Each subject received a compensation of $50.00 for participation in the study. Neuroendocrine data from these infusions was reported previously (Carroll et al., 1980) .
On the evening prior to the infusion, subjects were hospitalized at the Clinical Research Center at the University of Michigan Medical Center and an indwelling venous catheter was inserted. The following day, all subjects received 0.7551 .O mg intravenously of methscopolamine bromide, a peripheral cholinergic blocker without significant central effects. This drug was used to prevent peripheral cholinomimetic toxicity from physostigmine. This dose of methscopolamine promptly produced tachycardia in all subjects; the pulse rate was monitored and methscopalamine was readministered at doses of 0.1-0.2 mg intravenously if cardiac rate decreased below lOO/min. We then infused 2-4 mg of physostigmine salicylate intravenously in 200 ml of normal saline over a 40 min period. In this study, no systematic placebo control infusions were employed for comparison.
One of us (JFG) completed the Rater Activation-Inhibition
Scale (Janowsky et al., 1973) at 15-min intervals throughout the physostigmine infusion. Ratings were conducted in a single-blind manner; while the rater was not blinded, subjects were unaware of the timing of the infusion. The inhibition scale was developed by Janowsky et al. (1973) to evaluate the general 'anergic-inhibitory' effects of physostigmine and evaluates subjects on a scale of O-5 along the following dimensions: (1) irritable, (2) lethargic, (3) dysphoric, (4) slow thoughts, (5) wants to say nothing, (6) hostile, (7) withdrawn, (8) wants to be alone, (9) apathetic, (I 0) crying, (I 1) sad, (I 2) lacks energy, (13) sleepy, (14) drained, (15) Andreasen, 1983) were utilized.
RESULTS
All subjects showed a similar response to the physostigmine infusion. After a brief mild anxiety state, usually described as 'nervousness', features of psychomotor retardation became evident about 20 min following the onset of infusion. Subjects described themselves as 'drained', became apathetic, experienced all their mental processes as 'slowed down', were reluctant to talk, and reported a paucity of ideas. These symptoms increased in intensity to a peak at about 30 min before reaching a plateau, and returned to baseline about 60-90 min following onset of the infusion. Only three of our seven patients reported nausea, but not until after the peak of the observed behavioral changes.
Observer ratings on the following behavioral items increased significantly (p < 0.05) after physostigmine infusion: withdrawn; apathetic; lacks energy; drained; hypoactive; lethargic; motor retarded; slow thoughts; wants to say nothing; wants to be alone; sleepy; lacks thoughts; emotionally withdrawn.
Ratings on the following items decreased significantly: interacting; talkative; cheerful. Ratings on the following items did not change significantly:
irritable; hostile; crying; sad; psychotic; angry; friendly. This profile is strikingly consistent with that reported in prior physostigmine studies. None of the subjects reported sadness or depression, and none cried or admitted to irritability, nor did any express feelings of hopelessness, worthlessness, or guilt. Both observer ratings and subject self-reports revealed that major components of the negative schizophrenic syndrome (affective flattening, alogia, avolition-apathy, and anhedonia) were present following physostigmine.
On the other hand, distinctive depressive features (such as sadness, crying, guilt, etc.) were not noted.
DISCUSSION
The results of this study indicate that the behavioral effects of intravenous physostigmine closely resemble many of the features of the negative schizophrenic syndrome. Normal subjects became withdrawn, apathetic, hypoactive, lethargic, motor retarded, they desired to be alone, were emotionally detached, and had slowing of thoughts, speech, and motility; these features occurred in the absence of significant mood changes. In view of the absence of a control comparison group (no placebo infusions) and the single-blind study design, however, caution is warranted in the interpretation of these data.
The 'physostigmine syndrome' has been relatively well studied. The detailed studies by Janowsky et al. (1973 Janowsky et al. ( , 1974 Janowsky et al. ( , 1986 have been replicated by others (Modestin et al., 1973; Davis et al., 1976; Risch et al., 1981) and there is general agreement that the drug consistently induces withdrawal, apathy, and related symptoms in normal subjects. There is, however, some continued uncertainty about whether it may initiate legitimate depressive mood in normal individuals.
One study (Risch et al., 1981) seems to suggest this, while another (Davis et al., 1976 ) agrees with our findings by failing to note any significant increases in depressive mood following the infusion. However, physostigmine is a somewhat 'dirty' drug pharmacologically with both muscarinic and nicotinic properties (and the nicotinic system can modulate monoaminergic and other neurotransmitter systems); consequently, interpretation of physostigmine effects in pure muscarinic cholinergic terms is flawed and limited.
The possible role of acetylcholine in schizophrenia is intriguing but sketchy and controversial (Tandon and Greden, 1989; 1990) . Results of various studies do little more than provide substantiation that the cholinergic system may be involved in 'some schizophrenic symptoms'. While some studies report brief beneficial effects of cholinomimetic agents in schizophrenia (Pfeiffer and Jenney, 1957; Rosenthal and Bigelow, 1973) , others report a worsening of schizophrenic symptomatology (Rowntree et al., 1950) . It should be noted that these evaluations of the cholinergic system in schizophrenia were conducted before investigators began categorizing schizophrenic symptoms specifically as 'positive' and 'negative'; modulation of the cholinergic system may have opposite effects on positive and negative symptoms (Tandon and Greden, 1989) and this may provide a partial explanation for the somewhat contradictory findings in previous studies of the cholinergic system in schizophrenia.
More recently, there have been suggestions that anticholinergic agents may antagonize some therapeutic effects of neuroleptics, with selective exacerbation of the cluster of positive psychotic symptoms but without any reported adverse effects on negative symptomatology (Johnstone et al., 1983; Singh et al., 1987) . Other studies have highlighted the benefits of continued antiparkinsonian medication in chronic schizophrenic patients, and have noted increased subjective distress and 'depressive' symptomatology following their withdrawal (Manos et al., 1981; Jellinek et al., 1981) . There also have been several case reports of schizophrenic patients abusing anticholinergic drugs, with most patients reporting mood-elevating, energizing, stimulating, and socializing effects of these agents (Fisch, 1987; Wells et al., 1989) . We conducted a pilot study (Tandon et al., 1988) by administering 10 mg/day trihexiphenidyl to five chronic schizophrenic patients with predominantly negative symptoms; these patients were stabilized on neuroleptic agents without extrapyramidal sideeffects or tardive dyskinesia. Improvement was noted in four of the five patients, as measured by the BPRS (Overall and Gorham, 1962) and the SANS (Andreasen, 1983 ) with significant amelioration noted in the areas of affective flattening, anhedonia-asociality, and avolition-apathy. In a recent study on the effects of biperiden (an anticholinergic agent) on positive and negative symptoms in thirty medication-free schizophrenic patients (Tandon et al., 1991a) , we observed a significant decrease in negative symptom severity following biperiden.
There may be a pattern in these scattered reports: administration of an anticholinesterase to normal subjects may induce a clinical profile that resembles many of the key features associated with negative schizophrenia; cholinomimetic agents may intensify selected negative schizophrenic symptoms in patients with the syndrome; anticholinergic agents may relieve them; some schizophrenic patients may experience energizing, stimulating effects from anticholinergic drugs, and may thus 'abuse' them.
These checkered pieces of data suggest that cholinergic hyperactivity might be implicated in the pathogenesis of negative schizophrenic symptoms (Tandon and Greden, 1989; 1990) . Although the evidence is preliminary and somewhat speculative, this prospect clearly warrants further investigation. This hypothesis is not incompatible with prior formulations that cholinergic hyperactivity may be implicated in the pathogenesis of affective dysregulation.
Instead, it dramatizes the importance of considering phenomenology in study design, and not restricting ourselves to current nosological classification schemes. The mechanism of cholinergic overdrive may be involved in both the negative schizophrenic syndrome and certain aspects of the depressive syndrome; this may provide a partial explanation for the phenomenological similarity between these syndromes and the frequent difficulty in differentiating between them. The common mechanism of cholinergic hyperactivity may also serve to explain some similar neurobiological abnormalities in schizophrenia and major depression (Tandon et al., 199la; Tandon et al.. 199lb; Riemann et al., 1991; Tandon et al., 1992) . In view of the converging suggestive evidence but somewhat speculative nature of the hypothesis, a systematic comparison of the role of the cholinergic system in the pathophysiology of schizophrenia and major depression is warranted.
